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under recruitment of mPFC in older adults relative to young (Gutchess, Kensinger, & Schacter, 2010; Mitchell et al., 2009; Moran, Jolly, & Mitchell, 2012) during socio-cognitive tasks (e.g., self-referencing and theory of mind), making it difficult to pinpoint the locus of age-related changes in recruitment of mPFC activity and related social cognition regions. Decreased mPFC activity among older adults relative to young, however, may not necessarily reflect overall functional decline with age. One possible reason for reported under recruitment of mPFC in older adults may be due to changes in how social stimuli are processed. In both behavioral (Isaacowitz, Wadlinger, Goren, & Wilson, 2006; Mather & Carstensen, 2005; Spaniol, Voss, & Grady, 2008) and neuroimaging (Addis, Leclerc, Muscatell, & Kensinger, 2010; Leclerc & Kensinger, 2008 Mather et al., 2004) research, younger and older adults have displayed different responses to valenced stimuli, with younger adults displaying biases toward negative information, and older adults for positive material. Socioemotional selectivity theory (Carstensen, Isaacowitz, & Charles, 1999) suggests that with the perception that time is limited in one's life, individuals emphasize socioemotional rather than knowledge acquisition goals. This changing emphasis promotes emotion regulation, or the extent to which one exerts control over emotional experiences. In turn, research shows that older adults may optimize their emotional experiences by emphasizing positive information, and this shift may have positive implications for social experiences and well-being (Carstensen, Pasupathi, Mayr, & Nesselroade, 2000) . For example, older adults have reported fewer negative experiences than younger adults (Gross et al., 1997) , participating more than younger adults in personally fulfilling activities, like spending time with close family (Fung, Carstensen, & Lutz, 1999) . Age-related functional changes towards the processing of valenced social material would be consistent with the evidence for these different valence-based biases in younger and older adults. Thus, the valence of incoming social information may influence mPFC recruitment as a function of age.
Evidence of a "positivity bias" in aging has also been reflected in neural activity. When viewing emotional images, age-related valence-based reversals have emerged in ventral mPFC (vmPFC) (Leclerc & Kensinger, 2008 . While younger adults activate vmPFC more for negative over positive images, the reverse bias is apparent with age, with older adults activating vmPFC more for positive than negative emotional material. A similar pattern of activity has been shown in the amygdala (Mather et al., 2004) , demonstrating that an age-related shift in neural activity may occur in multiple regions involved in emotional processing. Thus, as individuals emphasize more positive socioemotional information with age, the brain regions supporting these social and emotional processes may also become more responsive to this content.
Based on the "positivity bias" literature, agerelated functional changes in the recruitment of mPFC may reflect processing differences in stimulus content across age rather than a generalized functional impairment in older adults. An open question regards whether age-related positivity biases extend from emotional to social tasks. While the nature of social interactions may contain intrinsically emotional information (Kensinger & Gutchess, in press ), recent work posits that while emotional information is processed relatively automatically due to its biological relevance, the processing of social information may be more resource intensive (Sakaki, Niki, & Mather, 2012) . Thus, while the age-related positivity biases that are elicited in emotional tasks involving non-human, but valenced stimuli (e.g., a gun or diamond ring) may be attributed to a relatively automatic affective response to stimuli, it is unclear whether those biases extend to a higher order social task. While still containing emotional information, social tasks may require more controlled utilization of resources (e.g., thinking about meeting someone for the first time).
An extension of this age-related positivity bias to a socio-cognitive task would provide a possible explanation for the general inconsistency of reported agerelated mPFC function in the social domain. Moran and colleagues (2012) , for instance, found decreased dorsal mPFC (dmPFC) activity in older adults during moral permissibility ratings (e.g., rating the permissibility of putting poison in another person's coffee by accident or on purpose). That investigation, however, used stimulus materials that were only negative or neutral in valence. In contrast with this finding, other work has found that younger and older adults similarly recruit mPFC when more socioemotionally meaningful aspects of stimuli are explicitly involved, such as when emphasizing potential relationships that involve the participant (Cassidy et al., 2012) , or asking participants to make self-relevant judgments (Gutchess et al., 2007) . If older adults emphasize negative information less than the young, then decreased dmPFC function might be expected in tasks that primarily utilize negative stimuli, possibly representing less task engagement. If, however, the age-related shift from negativity toward positivity biases demonstrated in the emotion literature is evident in socio-cognitive tasks, an age-related shift toward positivity biases may be reflected in neural recruitment Downloaded by [Brittany S. Cassidy] (Ma et al., 2011) . Because mPFC is consistently recruited in tasks during which individuals form impressions from face-behavior pairs (Cassidy et al., 2012; Gilron & Gutchess, 2012; Mitchell et al., 2004; Mitchell, Macrae, & Banaji, 2005) , studying impression formation might be particularly well suited to highlight age-related valence-based reversals in both vmPFC activity, as previously shown during emotional tasks (Leclerc & Kensinger, 2008 , and in dmPFC, a region whose recruitment may be more unique to socio-cognitive tasks (Van Overwalle, 2009 ). Evidence of these biases within the neural regions supporting impression formation may indicate that age-related valence-based reversals may not only be elicited during simple affective processes but also may manifest for higher-order social cognitive tasks.
While we predict age-related reversals in activity using valenced information in vmPFC and dmPFC, it's also possible that these patterns of activity will exist in other brain regions supporting impression formation, similar to how valence-based reversals in the processing of emotional material have also been evidenced in the amygdala (Mather et al., 2004) . Recent work has demonstrated that amygdala and posterior cingulate cortex (PCC) subserve different aspects of impression formation from the more general person processing supported by the dmPFC, and specifically, separating evaluation relevant from irrelevant behavioral information about new people (Schiller, Freeman, Mitchell, Uleman, & Phelps, 2009 ). Other work suggests that age differences in PCC activity may depend on whether the context in which information is presented appeals to an age group's social goals (Cassidy et al., 2012) , consistent with Socioemotional Selectivity Theory. We predicted that, similar to vmPFC and dmPFC, age-related valence-based reversals in neural activity might be present in PCC and amygdala during impression formation.
To summarize, we investigated age differences in mPFC recruitment during impression formation of positive and negative materials to determine whether age-related valence-based reversals in activity extend from simple affective tasks to higher-order social processing tasks. We expected that valence-based reversals would occur in vmPFC and dmPFC, and also expected the same patterns of activity to occur in the amygdala and PCC. More specifically, we predicted that negative over positive person information would engage these regions in younger adults, while older adults would recruit these regions more for positive over negative material.
METHOD Participants
Eighteen older (66-87 years old, 12 females; M = 75.56, SD = 7.76) and 19 younger adults (19-35 years old, 11 females; M = 24.32, SD = 4.61) recruited from Brandeis University and the surrounding community participated, and provided written informed consent. The Brandeis University and Partners Healthcare institutional review boards approved this study. All older adults had MMSE scores > 26 (Folstein, Folstein, & McHugh, 1975 ) (M = 29.06, SD = 1.11), and were characterized on cognitive measures to ensure comparability to other older adult samples in the literature. Young (M = 15.55, SD = 1.59) and older (M = 15.42, SD = 2.33) adults did not differ in years of education, t (35) = 0.21, p = .84. Older adults (M = 36.94, SD = 3.08) had higher vocabulary scores (Shipley, 1986) than the young (M = 33.63, SD = 3.30), t (35) = 3.15, p = .003, whereas the young showed faster processing speed (M = 79.74, SD = 15.31) than the older adults (M = 54.94, SD = 8.65), t (35) = 6.02, p < .001, as measured by digit-comparison (Hedden et al., 2002) and letter-number sequencing scores (Wechsler, 1997) 
Stimuli
One-hundred and sixty-eight images of Caucasian faces (evenly distributed across male/female and four age groups [18-29, 30-49, 50-69, and 70-94] ) with neutral expressions were drawn from the Productive Aging Laboratory face stimuli database (Minear & Park, 2004) as well as 168 unique behavioral sentences (Somerville, Wig, Whalen, & Kelley, 2006 ) rated on valence, served as a stimuli in this experiment. Equal numbers (56 each) of positive (e.g., "This person is a loyal friend."), negative (e.g., "This person has a violent temper."), and neutral (e.g., "This person uses blue pens.") behaviors were selected from the original dataset of 185 behaviors based on valence ratings. The ratings were obtained for a previous study (exact instructions can be found in Somerville et al., 2006) using a 9-point scale (−4 (very negative) to 4 (very positive)). To choose the 168 behaviors for the study, the full set of 185 behaviors was sorted in order by average valence rating. The 56 most negatively rated behaviors were selected as "negative," the 56 most positively rated behaviors were selected as "positive," and the 56 behaviors closest to the middle in ratings Downloaded by [Brittany S. Cassidy] at 06:38 05 September 2013 were selected as "neutral." Assignment of the faces to the valence conditions was counterbalanced across participants so that the faces appeared in each of the three conditions, totaling three versions of the task. Equal number of behaviors in the three valence conditions appeared across the age and gender groups. The stimuli were split into two blocks of 84 face-behavior pairs each, and the age/gender/valence distribution was equivalent between both blocks.
Procedure
Prior to scanning, participants practiced the encoding (i.e., impression formation) and retrieval (i.e., memory) tasks on a laptop. Participants were told they would form impressions of individuals based on facebehavior pairs, and that they should focus on how they felt about each face-behavior pair as if meeting this person for the first time. Participants also knew they would be tested on their memory for each person's exact behavior, and also for the valence (e.g., positive, negative, neutral) of that behavior, intended to elicit intentional encoding. All stimuli were presented with E-Prime software (Psychology Software Tools, Pittsburgh, PA, USA).
Participants formed impressions based on facebehavior pairs (Figure 1) , presented one at a time for 5000 msec each. A prompt indicating valence ("positive," "negative," or "neutral") appeared below the behavior for the last 3500 msec of each trial. Participants were told this indicated how most people felt about this behavior. Participants were instructed to press "1" once after reading both pieces of information, so that one button press was required per trial to maintain attention while in the scanner. Trials were interspersed with variable fixations ranging from 0 to 12,500 msec to introduce jitter into the eventrelated design (Dale & Buckner, 1997) . Fixation intervals were optimized using Optseq (http://surfer.nmr. mgh.harvard.edu/opt-seq). Positive, negative, and neutral face-behavior pairs were randomly distributed across 6 functional runs with 28 face-behavior pairs in each run. Runs lasted 4.67 minutes (112 TRs), for a total of approximately 28 minutes of functional scans.
After three encoding runs, participants completed two self-paced retrieval tasks (non-scanned, but completed inside the scanner), followed by another set of three encoding and two non-scanned and selfpaced retrieval runs (completed outside the scanner). During retrieval, participants saw every face from the study phase and had to separately endorse the valence of each person's behavior, as well as each person's exact behavior (choosing a target among three valence-matched lures). Near-chance memory performance in both younger and older participants (i.e., 12 of 19 younger and 4 of 18 older adults participants' memory performance was above chance for all conditions) prevented a thorough examination of encoding-specific neural response, and the memory data will not be considered further.
Image acquisition and analysis
Functional scans were collected with a Siemens Trio 1.5T whole-body scanner, using an echo-planar imaging sequence (TR = 2500 msec, TE = 40 msec, FOV = 200mm, flip angle = 90) to acquire 33 AC/PC oriented slices 3.0-mm thick with a 10% skip. Voxelwise data were collected in 3.1 mm by 3.1 mm by 3.2 mm volumes. Stimuli were back projected onto a screen, and viewed through a mirror attached to the headcoil. High-resolution anatomical images were acquired with a multi-planar rapidly acquired gradient echo (MP-RAGE) sequence (128 slices, 1.33-mm thick, TR = 2730 msec, TE = 3.39 msec).
Preprocessing and analyses of functional data were conducted in SPM8 (Wellcome Trust Centre for Neuroimaging, London, UK). Images were slice-time corrected, realigned to correct for motion, normalized to the MNI (Montreal Neurological Institute) template, and smoothed using a 6-mm FWHM isotropic Gaussian kernel. For each participant, each event (whether forming impressions of positive, negative, or neutral face-behavior pairs) was convolved with a canonical hemodynamic response function. Estimates for each participant were included in a group level analysis, treating participants as a random effect. A 2 (age group: younger, older) × 3 (valence: positive, negative, neutral) ANOVA model was created to explore any effects of valence during impression formation differing by age group. We used a whole-brain analysis with an uncorrected threshold of p < .001 and an extent threshold of 5 voxels (comparable to other aging-related fMRI work (Duarte, Henson, & Graham, 2008; Dulas & Duarte, 2011) ) to assess potential age-related valence-reversals in neural activity. To do this, we investigated the age by valence interaction during the formation of positive versus negative impressions (positive > negative, old > young). Locations of peak activation on the cortical surface were identified using SPM8, and Brodmann areas were obtained with MRIcron (Rorden & Brett, 2000) . Based on the whole-brain analysis, we chose to further characterize the pattern of valence effects based on regions previously implicated in the impression formation literature by extracting parameter estimates from significant clusters within mPFC, PCC, and the amygdala, and plotting them, where relevant. We also used a whole-brain analysis to examine age differences on valenced (positive and negative) versus neutral impressions (positive + negative > neutral, old > young). There were no significant effects within our regions of interest when comparing against neutral items, thus the neutral condition will not be discussed further.
RESULTS
To investigate age-related changes in response to valence, we contrasted younger and older adults' activations while forming positive or negative impressions of others based on the face-behavior pairs (Table 1) . Based on SPM contrasts, age group by valence interactions emerged in left dmPFC and bilateral vmPFC. Follow-up statistical tests on these clusters' parameter estimates, to characterize the nature of the interaction, revealed that age-related valencebased reversals in neural activity extended to dmPFC recruitment during impression formation, as evidenced by an age group by valence interaction in left dmPFC, F (1,35) = 14.20, p = .001, η p 2 = 0.29 (Figure 2a) . Specifically, younger adults recruited left dmPFC more for negative than positive impressions, t (18) = 4.03, p = .001, whereas older adults did not differ across valences, t (17) = 1.43, p = .17 (although there was a visual trend for greater dmPFC activity for positive over negative impressions). The interaction in the left vmPFC, F (1,35) = 9.71, p < .005, η p 2 = 0.22 (Figure 2b) , was characterized by greater activity for positive than negative impressions in the older adults, t (17) = 2.96, p = .01. Departing from previous findings using emotional stimuli (Leclerc & Kensinger, 2008 , however, younger adults did not show valence differences in this region, t (18) = 1.32, p = .20. There was no main effect of age in left dmPFC and left vmPFC activity when collapsed across valence, Fs < 2.37, ps > 0.13. Unlike left dmPFC and vmPFC, older adults showed enhanced activity relative to younger adults in right vmPFC, F (1,35) = 10.98, p = .002, η p 2 = 0.24. Activity across the age groups again varied by valence, F (1,35) = 12.20, p = .001, η p 2 = 0.26 (Figure 2c ). Characterizing this interaction, older adults recruited right vmPFC more when forming positive over negative impressions t (17) = 2.71, p = .02, while younger adults had enhanced engagement when forming negative over positive impressions, t (18) = 2.17, p = .04, consistent with previous findings in emotional stimuli (Leclerc & Kensinger, 2008 .
Based on SPM contrasts, a significant age by valence interaction was also evident in a cluster overlapping a region in the right hippocampus, extending into the amygdala, F (1,35) = 12.22, p = .001, η p 2 = 0.26. Using parameter estimates extracted from this cluster to characterize the interaction, we saw that similar to the interactions in mPFC, older adults showed enhanced activity when forming positive over negative impressions t (17) = 2.69, p = .02, while younger adults showed increased engagement for negative over positive impressions, t (18) = 2.12, p = .04. There was no main effect of age within this cluster, F (1,35) = 0.28, p = .60. A significant age by valence interaction was also found in a small cluster within the right PCC, F (1,35) = 15.93, p < .001, η p 2 = 0.31 (Figure 2d) Notes: The data show regions emerging in the contrast with an overall threshold of p < .001 and an extent threshold of 5 voxels. Regions listed without a cluster size are subsumed by the larger cluster listed directly above. mPFC regions are listed first due to a priori hypotheses. Other regions are listed from highest to lowest t-value. L = Left; R = right; k = cluster size. 
DISCUSSION
Neuroimaging studies of emotional processing have demonstrated age differences in neural recruitment depending on the valence of incoming emotional material. Within vmPFC (Leclerc & Kensinger, 2008 and the amygdala (Mather et al., 2004) adults have increased activity toward negative over positive information, while older adults elicit enhanced recruitment for positive over negative material. These findings may be indicative of an age-related "positivity effect" in information processing (Carstensen & Mikels, 2005) , potentially showing that rather than overall reduced activity with age, some neural regions may become more responsive to positive relative to negative materials (Mather et al., 2004) . While emotion work evidencing age-related valence-based reversals in vmPFC activity (Leclerc & Kensinger, 2008 may reflect automatic processing due to the biological relevance of emotional stimuli, evaluating social stimuli (e.g., forming impressions) may require more complex cognitive computations (Sakaki et al., 2012) . Through evidence for an age-related valence-based reversal in mPFC function during the social cognitive task of impression formation, which involves deriving meaning from human behaviors versus basic affective reactions, we suggest that these valence-based biases exist for complex social processes. Showing that older adults may activate mPFC more in the presence of positive versus negative social information may offer a potential explanation for inconsistencies within age-related mPFC function, which have reported age-equivalent activity (Beadle et al., 2012; Cassidy et al., 2012; Gutchess et al., 2007) and under recruitment (Gutchess et al., 2010; Moran et al., 2012) with age, but have not all utilized both positive and negative stimuli. Critically, we find that with aging, dmPFC and vmPFC can be robustly recruited during socio-cognitive tasks, particularly in the presence of positive versus negative social material, indicating a marked shift with aging in the circumstances under which these regions are engaged. This demonstrates that age differences in recruitment may not only exist for basic affective responses to emotional images, but may importantly extend to higher order social processes, influencing our interactions with others (Ambady & Rosenthal, 1992) . Not all social tasks involve the presence of both positive and negative information and can compare mPFC response across valence, potentially giving rise to inconsistent reports in the literature of age-related mPFC function. An agerelated shift towards greater mPFC response toward positive over negative person information may critically impact the interpretation of aging data from tasks measuring response from negative stimuli (e.g., task 1, Moran et al., 2012) . If older adults' prioritization of positive social information is reflected in biased mPFC activity, older adults may be expected to have deficits in neural activity relative to young in tasks focusing on negative material, especially if the lack of a positive condition limits the ability to compare activity across valence. Such results must be interpreted cautiously, as extant age-related deficits in activity may be more complicated given the broad literature describing the presence of a potential "positivity bias" with age (Reed & Carstensen, 2012) . Notably, the relationship between valence and age in dmPFC appeared to be largely driven by younger adults' negativity biases (Murphy & Isaacowitz, 2008; Skowronski & Carlston, 1989) , whereas in vmPFC, this relationship was driven by older adults' positivity biases. Although these relationships are consistent with behavioral evidence showing a negativity bias within younger adults for a number of social domains, including impression formation and moral judgment (Baumeister, Bratslavsky, Finkenauer, &Vohs, 2001) , and more emphasis on positive and emotionally meaningful material (Carstensen & Mikels, 2005) with increasing age, it may be that younger and older adults approached impression formation in the current task using different strategies. Biases engaging a region in response to valenced information may be particularly strong within an age group depending on the strategy deployed. Supporting this idea, previous work illustrates that people recruit vmPFC when thinking about similar others or themselves, as in self-reflective (Jenkins & Mitchell, 2011; Johnson et al., 2002) or self-referencing tasks (Kelley et al., 2002; Macrae, Moran, Heatherton, Banfield, & Kelley, 2004) . Thinking about more distant others, however, largely one recruits dmPFC, such as when we watch strangers' social interactions (Iacoboni et al., 2004) , or form impressions of abstract others (Gilron & Gutchess, 2012) .
This dissociation in dmPFC and vmPFC activity when mentalizing about close and distant others has been documented within the same study (Mitchell, Macrae, & Banaji, 2006) , suggesting that in some situations, perceivers use information about themselves to make social evaluations. If older adults engage in more self-reflection than young when forming impressions, their positivity biases may be best reflected by increased vmPFC activity, similar to work illustrating that making judgments about own-versus other-age individuals results in enhanced vmPFC activity in both younger and older adults (Ebner et al., 2011 (Ebner et al., , 2013 . In contrast, if younger adults approach the task in the traditionally more abstract way, such that they are acquiring impressions of strangers, their emphasis on negative information during impression formation might be best represented within dmPFC activity. These possibilities would be consistent with Socioemotional Selectivity Theory , in that older adults may use self-reflection to enhance their socioemotional experience, while Downloaded by [Brittany S. Cassidy] at 06:38 05 September 2013 younger adults may attempt to form as many impressions as possible for their knowledge acquisition goals. To test this intriguing possibility, future research may want to consider older and younger adults' mPFC recruitment when mentalizing about similar and dissimilar others within the same task. It may be that older adults' mPFC activity is most preserved relative to young when orienting to person information in a selfreflective way. Another way to test this idea could be to assess age differences in mPFC activity by comparing activity during impression formation when focusing on a potential personal connection to an individual versus treating an individual as a hypothetical other who will never be met. Such an experiment would assess whether age-related valence-based biases can be represented in either dmPFC or vmPFC depending on how individuals orient to a task.
Recent work examining age differences in recognizing facial expressions (Ebner, Johnson, & Fischer, 2012; Keightley, Chiew, Winocur, & Grady, 2007) may highlight another potential mechanism for why older adults' positivity bias was driven by vmPFC response, and younger adults' negativity bias was driven by dmPFC engagement. Both younger and older adults show similar enhanced vmPFC engagement, known to be associated with processing happy faces (Keightley et al., 2007) , in response to viewing positive versus negative expressions (Ebner et al., 2012) . This potentially reflects vmPFC's role in representing the rewarding nature of positive stimuli (O'Doherty, Kringelbach, Rolls, Hornak, & Andrews, 2001 ). It could be that an age-related positivity bias, reflected by vmPFC activity, represents reward value for positive information leading to first impressions, similar to work showing that older adults are more likely to learn by seeking gains while younger adults learn by avoiding losses (Denburg, Recknor, Bechara, & Tranel, 2006 ). In contrast, both younger and older adults show similarly increased dmPFC response toward processing negative over positive facial expressions (Ebner et al., 2012) , which may reflect the increased complexity of social processes (Van Overwalle, 2009) necessary to identify and derive meaning from negative stimuli. It could be that a negativity bias driven by dmPFC activity among younger adults represents a prioritization of processing complex material during impression formation in the pursuit of knowledge-related goals.
These differences may also help explain why, divergent with previous work in finding age-based reversals (Leclerc & Kensinger, 2008 , only older adults showed a valence-based bias in left vmPFC, while consistent with prior work, both age groups showed valence-based biases in right vmPFC. It could be that valence-based biases reflected in vmPFC activity present themselves bilaterally in older adults given that they may have used multiple task strategies (e.g., reward processing of positive social information and self-reflection) known to involve this region relative to younger adults. To clarify the mechanism behind this dissociation, future work could directly compare younger and older adults' activity while they use different task strategies. This would allow for the assessment of the conditions under which mPFC activity during impression formation is preserved with age. For instance, it could be that older adults have a positivity bias in vmPFC activity for person information because that information is inherently rewarding. If, however, older adults anticipate a reward for remembering a subset of positive and negative impressions, a positivity bias will be eliminated, as both positive and negative behaviors will have explicit reward value. Moreover, by comparing age differences in mPFC response when using isolated (e.g., reward anticipation) or combined (e.g., reward anticipation and self-reflection) task strategies during impression formation, we can highlight the processes that may underlie valence-based biases in bilateral recruitment of vmPFC in older adults, but unilateral vmPFC and dmPFC activity in young.
Despite evidence of age-related valence-based reversals in mPFC in the current task, overall activity collapsed across valence was similar for younger and older adults, and in the case of right vmPFC, appeared to be enhanced in older adults relative to young. While speculative, our results may illustrate the important role of personal meaningfulness (i.e., the extent to which information can be connected or related to oneself) in mPFC activation among older adults. Interestingly, one difference between tasks demonstrating age-equivalence (Beadle et al., 2012; Cassidy et al., 2012; Gutchess et al., 2007) and under recruitment (Moran et al., 2012) in activations is that tasks eliciting age-equivalent activity require participants to place themselves within the task. It could be that positive and negative valences may motivate younger and older adults differently, leading to enhanced activity among older adults under conditions in which they find information more personally meaningful (i.e., when incoming information is positive), and thus prioritize information processing. Future research may consider manipulating explicitly the personal meaningfulness of social tasks when assessing age differences in mPFC response to valenced material.
Although age-related shifts in neural response to positive and negative social information seem to exist, these results may not fully account for why Downloaded by [Brittany S. Cassidy] at 06:38 05 September 2013 some studies find preserved mPFC function and some do not. For example, older and younger adults may have dissimilar internal goals (e.g., processing socioemotional information versus acquiring knowledge) when performing a task, leading to age differences in neural activity. Additionally, depending on task difficulty or processing demands, older adults may show mPFC functional impairment relative to younger adults regardless of the effects of valence. For instance, although both age groups similarly activate mPFC when self-referencing (Gutchess et al., 2007) , they may show different patterns of activity in the mPFC in the more difficult task of subsequently remembering self-versus other-related information (Gutchess et al., 2010) . Supporting this idea, age-equivalent activation of mentalizing circuitry has been observed during a fairly easy mentalizing task allowing for near-ceiling performance levels among younger and older adults (Castelli et al., 2010) , whereas for more taxing mentalizing tasks where age-related performance differences exist, older adults exhibited impaired dmPFC function (Moran et al., 2012) . Although age-related valence-based reversals in vmPFC function in emotion processing have been seen in implicit (Leclerc & Kensinger, 2008) and more challenging explicit tasks, more research is needed to determine how the age-related reversals elicited in the current task would translate to more difficult socio-cognitive tasks requiring controlled processing.
Although an age-related shift toward emphasizing positive over negative information may be protective in some respects (e.g., maintaining positive affect given the more negative aspects of healthy aging, like physical decline), it may have potentially detrimental consequences for social functioning. Federal government reports (Lormel, 2001 ; Telemarketing fraud against older Americans, 2007) suggest that placing more weight on positive information, and in turn having increasingly positive responses to others, may in part explain older adults' elevated susceptibility to fraud compared to younger adults. Supporting this idea, older adults perceive negative facial cues (e.g., untrustworthy-looking faces) more positively than younger adults (Castle et al., 2012; Zebrowitz, Franklin, Hillman, & Boc, 2013) , and do not display enhanced left anterior insula response to untrustworthy over trustworthy-looking faces like younger adults (Castle et al., 2012) . This suggests a potentially weaker response among older adults to implicit negative social cues derived from facial characteristics. Evidence of age differences in neural response toward valenced behaviors could possibly inform why older adults are more vulnerable to fraud than younger adults. The current study suggests that older adults may show increased activity toward explicitly positive relative to negative behaviors, rather than solely attenuated response to negative behaviors, compared to negativity biases in younger adults. In combination, these effects may skew older adults' perception of potentially deceptive individuals and situations, providing the conditions under which older adults are most likely to fall victim to fraud. It would be interesting to test if these biases not only exist when processing valenced social material but also for when remembering this information. It may be that older adults' pattern of greater mPFC activity for positive over negative information extends to the successfully encoding of positive over negative information. Although poor performance on the memory component of the current study prevents an investigation of this idea, it remains an important topic warranting further research in order to generate a more comprehensive theory behind age differences in fraud vulnerability.
An age-related reversal in neural activity toward valenced information was also present in right PCC. Previous work (Schiller et al., 2009) indicates that while dmPFC activity supports the processing of person information, PCC and amygdala engagement may more specifically contribute to separating evaluation relevant from irrelevant information. Although not primarily designed to assess the valuation of person information, our results may provide preliminary evidence that valence-based reversals reflect how individuals value valenced information with age, providing an exciting avenue for future research. One cluster did extend into the amygdala, although peak activity did not occur within the region. Further, our coordinates in that region were more dorsal than those previously specified (Schiller et al., 2009 ), limiting our ability to speculate on the region's contribution to valence-based age differences in neural activity during impression formation. A study design exploring how individuals value valenced information may also be helpful to demonstrate that this reversal can be represented more specifically in the amygdala. For instance, a study could examine how individuals update their impressions based on incoming positive and negative material. If more value is assigned to positive over negative material with age, we might expect older adults to have greater amygdala activity when positively updating impressions, while younger adults might have greater activity when negatively updating impressions. Alternatively, similar to work finding intact striatal and insular response to anticipation of monetary gain, but not loss (Samanez-Larkin et al., 2007) , older adults may show intact amygdala activity in anticipation of positive versus negative social interactions if positive Downloaded by [Brittany S. Cassidy] at 06:38 05 September 2013 social information is more valued overall in healthy aging.
Although not considered for the presented analyses, an important caveat of the present work is that participants anticipated a later test of impression memory. Although our task elicited mPFC activity similar to other impression formation tasks (Cassidy et al., 2012; Gilron & Gutchess, 2012) , awareness of a memory task may have changed the strategies used to form impressions, making impression formation less spontaneous than simple evaluation or judgment tasks (Uleman, 1999) . Our instructions were more akin to intentional impression formation tasks, in which individuals are instructed to form impressions (Uleman, 1999) . Notably, however, both spontaneous and intentional impressions can evoke with mPFC activity (Ma et al., 2011) ; the idea that age-related valence-based reversals in mPFC activity occurred even though participants intentionally formed impressions for a later memory test potentially speaks to the robustness of this finding. However, demonstrating whether this reversal in neural activity is present during more traditional spontaneous impression formation tasks is an important step to better connect this finding to behavioral work on impression formation.
In conclusion, consistent with evidence of a "positivity bias" in aging (Carstensen & Mikels, 2005) , we demonstrate that the age-related valence-based reversals present in vmPFC during emotional processing extend to dmPFC, and persist in vmPFC, when forming impressions, showing that age differences in mPFC activity exist for higher order social processes, like interpreting person information. In addition, these age-related reversals in neural activity extend to the amygdala and PCC, other regions implicated in impression formation. These findings may in part resolve prior inconsistency within the literature on the effects of aging on mPFC function by highlighting the important influence of valence on mPFC recruitment.
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